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(54) Title: DISC BRAKE SYSTEM 
(57) Abstract 

A disc brake system (10) comprises a hub 
(12), and a disc (14). The hub is mounted 
for rotation about a central rotarional axis (22) 
and the disc is mounted on the hub to rotate 
therewith. The disc (14) is slidable on the 
hub (12) in a direction which is parallel to 
said central rotational axis (22). The system 
also comprises a plurality of resilient force 
applicators (34) which are mounted between the 
hub (12) and the disc (14), the force applicators 
(34) acting to apply radially-directed forces 
to the disc (14). The force applicators (34) 
are distributed circumferentially around the hub 
(12). 
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Disc Brake System 

This invention is concerned with a disc brake system, 
for example for a wheel of a vehicle. 

A conventional disc brake system of a vehicle 
comprises a hub mounted on a suspension link for rotation 
relative thereto about a central rotational axis. The hub 
provides a mounting for the wheel. The system also 
comprises a brake disc mounted on the hub to rotate 
therewith, friction material pads arranged on opposite 
sides of the disc, and at least one piston and cylinder 
assembly operable to urge the pads into engagement with the 
disc, to brake the hub and hence the wheel. 
Conventionally, the piston and cylinder assembly is 
slidably mounted on a slide bolted to the suspension link 
of the vehicle. The disc is conventionally rigidly fixed 
to the hub, and wear of the pads and/or the disc is 
accommodated by the sliding movement of the cylinder. 

Disc brake systems which have discs which are non- 
rotational relative to the. hub but slidable on the hub by 
means of splines or other non-circularity of the hub and 
the disc are also known, see, for example, GB 1 396 503. 
However, such systems are associated with technical 
problems. For example, since the discs are relatively 
thin, they tend to tilt on the hub and affect the braking 
ability. Also, there is a tendency for noise to be 
produced by rattle of the disc against the hub. At higher 
disc temperatures, these problems can be particularly 
severe since, when there is a large temperature 
differential, such as 600 °C, between the braking surface of 
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the disc and the hub, the disc expands considerably, away 
from the hub, exacerbating the problems of tilting and 
rattle. 

The present invention addresses :hese technical 
problems. 

According to the present invention., there is provided 
a disc brake system comprising a hub, and a disc, the hub 
being mounted for rotation about a central rotational axis 
and the disc being mounted on the hub to rotate therewith, 
wherein the disc is slidable on the hub in a direction 
which is parallel to said central rotational axis, 
characterised in that the system also comprises a plurality 
of resilient force applicators which are mounted between 
the hub and the disc, the force applicators acting to apply 
radially-directed forces to the disc, the force applicators 
being distributed circumf erentially around the hub. 

In a disc brake system according to the invention, the 
forces applied by the resilient force applicators serve to 
reduce noise from rattle of the disc against the hub, to 
control the sliding movement of the disc on the hub, to 
control the concentricity of the disc with the hub, and to 
provide stability of the disc to avoid tipping. In order 
to reduce disc wear, a disc brake system according to the 
invention may have two or more discs mounted side-by-side 
on the same hub, the resilient force applicators acting on 
all the discs. 

Preferably, in order to achieve improved concentricity 
of the disc on the hub, the resilient force applicators Are 
substantially equispaced about said central rotational 
axis. There may be at least three equally-spaced resilient 
force applicators. 

Preferably, the force applicators are leaf springs. 
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Each leaf spring may be secured to the outer surface of the 
hub in a manner such that the spring extends tangentially 
of the hub when the disc is not mounted on the hub. 



In one possibility, the hub and the disc have 
intermeshing surface features which prevent relative 
rotational movement between the hub and the disc but allow 
relative movement parallel to the central rotational axis, 
there being spaces between said intermeshing surface 
features in which said force applicators are mounted. 
Said intermeshing surface features may comprise axially- 
extending splines on the external surface of the hub and 
teeth projecting from the internal surface of the disc. 

In another possibility which reduces wear problems 
where the hub and the disc engage one another and 
difficulties in manufacturing intermeshing surface 
features, the internal surface of the disc and the external 
surface of the hub are formed with recesses in which a 
plurality of axially-extending rollers are captive, the 
rollers serving to transmit rotational drive between the 
hub and the disc, the disc being slidable axially on the 
rollers and hence relative to the hub. It is known from GB 
983 548 to transmit driving force between the hub and the 
disc by means of axially-extending rollers which are 
captive between the hub and the disc. In this case, the 
leaf springs may be positioned between the rollers around 
the hub. Alternatively, at least some of the leaf springs 
may have an opening therein in which one of the rollers is 
received. Preferably, in order to reduce corrosion 
problems, the rollers have surfaces formed from a material 
of higher corrosion-resistance than steel, eg 
nickel-chrome. 

There now follow detailed descriptions, to be read 
with reference to the accompanying drawings, of three disc 
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brake systems which are illustrative of the present 
invention. 



In the drawings: 

Figure 1 is a front elevation or the first 
illustrative system; 

Figure 2 is a cross-section of the firsv illustrative 
system taken on the broken line A-A in Figure 1; 

Figure 3 is a front elevation of the second 
illustrative system; 

Figure 4 is a cross-section of the system of the 
second illustrative system taken on the broken line A-A in 
Figure 3; 

Figure 5 is a perspective view of a roller and a leaf 
spring which form a part of the third illustrative system; 
and 

Figure 6 is a front elevation of part of the third 
illustrative system showing the roller and spring shown in 
Figure 5. 

The first illustrative disc brake system 10 shown in 
Figures 1 and 2 is for a wheel of a car. The system 10 
comprises a hub 12, on which the wheel can be mounted, and 
two annular brake discs 14. The hub 12 is mounted for 
rotation about a central rotational axis 22 and the discs 
14 are mounted parallel to one another on the hub 12 to 
rotate therewith. The discs 14 are, however, slidable on 
the hub 12 in a direction which is parallel to the axis 22. 
The system 10 also comprises four friction pads 16 (Figure 
2) for braking the discs 14 by engaging side surfaces of 
the discs. The friction pads 16 are secured to three 
backing plates 18, one backing plate 18a being between the 
discs 14 and the others being on opposite sides of the 
discs 14 to the plate 18a. The median plate 18a has 
friction pads 16 secured to both of its faces. The brake 
pads 16 and the backing plates 18 are not shown in Figure 
1. 
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In order to prevent relative rotational movement 
between the hub 12 and the discs 14 but allow relative 
movement parallel to the central rotational axis 22, the 
hub and the discs have intermeshing surface features. 
Specifically, the hub 12 has axially-extending splines 28 
formed on its external surface on which the discs 14 are 
mounted. The splines 28 are arranged in groups so that 
three 75° arcs 24 of the outer surface of the hub 12 have 
the splines 28, the arcs 24 being separated by three 45° 
arcs 26 which are free of splines and are spaced form the 
discs 14. The splines 28 engage inwardly-projecting teeth 
3 0 on corresponding arcs 3 2 of the internal surfaces of the 
discs 14, in sliding axial engagement. 

The system 10 also comprises a plurality of resilient 
force applicators which are mounted between the hub 12 and 
the discs 14. These force applicators are provided by 
three leaf springs 34 distributed circumf erentially around 
the hub 12. One of the leaf springs 34 is secured to each 
of the splineless arcs 2 6 of the hub 12. The leaf springs 
34 are, thus, equispaced about the central rotational axis 
22. Each leaf spring 34 is secured in the circumferential 
centre of the portion 2 6 of the outer surface of the hub 12 
to which it is secured, so that the spring 34 extends 
tangentially of the hub 12 when the disc 14 is not mounted 
on the hub 12. However, the springs 34 are deformed by the 
presence of the discs 14 so that each press resiliently on 
the on the discs 14 at the circumferential ends of the 
springs 34. The leaf springs 34 are generally rectangular 
pieces of spring steel, and are 0.25 - 0.3mm thick. The 
leaf springs 34 are each secured to the hub 12 by a central 
screw 36. in alternative embodiments, there may be more 
than three leaf springs 34. The springs 34 act to apply 
radially-directed forces to the discs 14. 
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In alternative embodiments , the leaf springs 3 4 have 
a projection which is clipped into a socket in t-ie hub 12 
in order to secure the springs to the hub. 

When the disc brake system 10 is mounted in vehicle, 
one of the two outer backing plates 18 is fixed- mounted, 
the other outer backing plate 18 and the mec ..an backing 
plate 18a are mounted to slide in a direction which is 
parallel to the axis 22. In order to brake the vehicle, 
the movable outer backing plate 18 is moved towards the 
discs 14 so that its pad 16 presses on the adjacent disc 
14. This causes this disc 14 to slide on the hub 12 so 
that the disc presses on one of the pads 16 of the median 
backing plate 18a. This causes the median backing plate 
18a to slide on the hub 12 so that its other pad 16 presses 
on the other disc 14. This causes the other disc 14 to 
slide on the hub 12 until it presses against the pad 16 of 
the fixed backing plate 18. Frictional forces between the 
pads 16 and the discs 14 then brake the hub 12 and hence 
the wheel attached thereto. During the sliding movement of 
the discs 14, the forces applied by the leaf springs 34 
control the movement, maintain the disc concentric relative 
to the axis 22, prevent tilting, and prevent rattling. 

The second illustrative disc brake system 40 shown in 
Figures 3 and 4 is generally similar to the system 10 
except as hereinafter described and the same reference 
numerals are used for similar parts. The system 40 
comprises a hub 12 , and two brake discs 14 . The hub 12 is 
mounted for rotation about a central rotational axis 22 and 
the discs 14 are mounted parallel to one another on the hub 
12 to rotate therewith. The discs 14 are, however, 
slidable on the hub 12 in a direction which is parallel to 
the axis 22. 

The system 40 differs from the system 10 in the design 
of its hub 12, in the form of the connection between its 
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hub 12 and its discs 14 , and in having four force 
applicators in the form of leaf springs 34 mounted on the 
hub 12 by screws 36, instead of three. Specifically, the 
splines 28 and teeth 3 0 of the system 10 are not present. 
Instead, the internal surface of each disc 14 is formed 
with four concave recesses 42 therein which are equispaced 
about the axis 22, the recesses 42 being generally semi- 
circular in transverse cross-section, and the external 
surface of the hub 12 is formed with four corresponding 
concave recesses 44 which are arranged so that each recess 
44 can co-operate with one of the recesses 4 2 in forming a 
cylindrical space. 

The system 40 also comprises four axially-extending 
cylindrical rollers 4 6 made of nickel-chrome. The rollers 
46 are captive between the disc discs 14 and the hub 12. 
Each roller 4 6 is received the cylindrical spaces formed by 
one of the recesses 44 of the hub 12 and by two of the 
recesses 42, one in each disc 14. The rollers 46 are, 
thus, equispaced about the central rotational axis 22. The 
discs 14 are in axial sliding engagement with the rollers 
46 and can slide axially relative to the hub 12. The 
rollers 46 transmit rotational drive between the hub 12 and 
the discs 14. 

The four leaf springs 34 of the system 4 0 are secured 
by the screws 3 6 to the circumferential centres of portions 
48 of the external surface of the hub 12 which are between 
the rollers 46. Each spring 34 extends tangentially of the 
hub 12 when the discs 14 are not mounted on the hub 12 but 
are bent when the discs 14 are mounted on the hub 12 so 
that they act to apply radially-directed forces to the 
discs 14. Only one of the leaf springs 34 is shown in 
Figures 3 and 4. 

The third illustrative disc brake system 60, 
illustrated by Figures 5 and 6 is similar to the system 4 0 
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except as described below and like reference numerals are 
used for like parts. The system 60 comprises a hub 12 and 
two discs 14 (only one disc 14 is shown) . he hub 12 and 
the discs 14 have recesses 42 and 44, re: oectively, in 
which rollers 46 are received. The system differs from 
the system 40, however, in that its force applicators are 
provided by four leaf springs 62 of different design to the 
springs 34 and positioned differently. 

Each of the leaf springs 62 is made from sheet spring 
steel which is 0.2 5 - 0.3mm thick and is generally 
rectangular except for tabs 64 which are bent over the ends 
of the hub 12 to secure the spring 62 to the hub. Each 
spring 62 is positioned over one of the rollers 46 with the 
roller 46 received in an opening 66 through the spring 62. 
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CLAIMS 

1 A disc brake system (10; 40; 60) comprising a hub 
(12), and a disc (14), the hub being mounted for 
rotation about a central rotational axis (22) and the 
disc being mounted on the hub to rotate therewith, 
wherein the disc (14) is slidable on the hub (12) in 
a direction which is parallel to said central 
rotational axis (22) , characterised in that the system 
also comprises a plurality of resilient force 
applicators (34; 62) which are mounted between the hub 
(12) and the disc (14), the force applicators (34; 62) 
acting to apply radially-directed forces to the disc, 
the force applicators (3 4; 62) being distributed 
circumf erentially around the hub. 

2 A disc brake system according to claim 1, 
characterised in that the resilient force applicators 
(34; 62) are substantially eguispaced about said 
central rotational axis (22). 

3 A disc brake system according to either one of claims 
1 and 2, characterised in that the force applicators 
are leaf springs (34; 62). 

4 A disc brake system according to any one of claims 1 
to 3, characterised in that each leaf spring (34; 62) 
is secured to the outer surface of the hub (12) in a 
manner such that the spring (34) extends tangentially 
of the hub (12) when the disc (14) is not mounted on 
the hub. 

5 A disc brake system according to any one of claims 1 
to 4, characterised in that the hub (12) and the disc 
(14) have intermeshing surface features (28, 30) which 
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prevent relative rotational movement between the hub 
and the disc but allow relative movement parallel to 
the central rotational axis (22) , there fc^ing spaces 
between said intermeshing surface feature x in which 
said force applicators (34) are mounted. 



6 A disc brake system according tt: claim 5, 
characterised in that said intermesning surface 
features comprise axially-extending splines (28) on 
the external surface of the hub (12) and teeth (3 0) 
projecting from the internal surface of the disc (14) . 



7 A disc brake system according to any one of claims 1 
to 4, characterised in that the internal surface of 
the disc (14) and the external surface of the hub (12) 
are formed with recesses (42, 44) in which a plurality 
of axially-extending rollers (46) are captive, the 
rollers serving to transmit rotational drive between 
the hub and the disc, the disc being slidable axially 
on the rollers and hence relative to the hub. 

8 A disc brake system according to claim 7, 
characterised in that the leaf springs (34) are 
positioned between the rollers (46) around the hub 
(12). 



9 A disc brake system according to claim 7, 
characterised in that at least some of the leaf 
springs (62) have an opening (66) therein in which one 
of the rollers (46) is received. 

10 A disc brake system according to any one of claims 7 
to 9, characterised in that the rollers (46) have 
surfaces formed from a material of higher corrosion- 
resistance than steel. 
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Fig 2 
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Fig 6 



Inter nal Application No 

PC1YGB 97/03386 



^. CLASSIFICATION OF SUBJECT MATTER 

IPC 6 F16D65/12 



According to International Patent Classification (IPC) or to both national classification 



and IPC 



B. FIELDS SEARCHED 



Minimum documentation searcned (classification system followed by classification symbols) 

IPC 6 F16D 



Documentation searcned other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 1 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



DE 20 39 003 A (GIRLING LTD) 18 February 
1971 

see claims 1-5,7,9; figures 

see page 2, line 12 - line 21 

see page 3, line 15 - page 6, line 20 

EP 0 096 553 A (LUCAS IND PLC) 21 December 
1983 

see abstract; claims 1,2; figures 1 2 
see page 2, line 15 - line 30 

US 4 511 021 A (GRIDER BRUCE A) 16 April 
1985 

see abstract; figures 1-3 

US 4 256 209 A (LUEPERTZ HANS-HENNING) 17 
March 1981 

see the whole document 

-/-- 



1-3,5-8 
4,10 

1,2,5 
7 

1,5,6 
1,2,5 



m 



Further documents are listed in the continuation of box C. 



|X I Patent family members are listed in annex. 



0 Special categories of cited documents : 

"A" document defining the general state of the art which is not 
considered to be of particular relevance 

"E" earlier document but published on or after the international 
filing date 

V document which may throw doubts on priority daim(s) or 
which is cited to establish the publicationdate of another 
citation or other special reason (as specified) 

"O' document referring to an oral disclosure, use, exhibition or 
other means 

"P" document published prior to the international filing date but 
later than the pnority date claimed 



T later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

"X' document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

"Y" document of particular relevance: the claimed invention 
cannot be considered to Involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the an. 

"&" document member of the same patent family 



Date ot the actual completion of theinternational search 

20 March 1998 



Date of mailing of the international search repon 



02/04/1998 



Name and mailing address of the ISA 

European Patent Office. P.B. 5818 Patentlaan 2 
NL - 2280 HV Rijswijk 
TeL (4-31-70) 340-2040, Tx. 31 651 epo nl. 
Fax: (+31-70) 340-3016 



Authorized officer 



West! and, P 



Form PCT/1SA/21Q (second shea!) (July 1992) 



* 


information on patent family members 




Inte anal Application No 

PCT/GB 97/03386 


Patent document 
cited in search report 


Publication 
date 


Patent family 
member(s) 


t 


Publication 
date 





A 


i o_no. 7i 


rn 

r R 


2056625 A 


1 A AC 71 

14-05-71 








ZA 


7005340 A 


28-04-71 




A 
M 




A D 

AK 


22932/ A 


15-07-83 








GB 


2121140 A,B 


14-12-83 


US 4511021 


A 


16-04-85 


FR 




2544818 A 




26-10-84 








GB 


2139300 A 


07-11-84 


US 4256209 


A 


17-03-81 


DE 


2807485 A 




23-08-79 








FR 


2418385 A 


21-09-79 








GB 


2015122 A,B 


05-09-79 








JP 


1291984 C 


29-11-85 








JP 54123662 A 


26-09-79 








JP 


60014939 B 


16-04-85 








SE 


436787 B 


21-01-85 








SE 


7901530 A 


23-08-79 



US 


4844206 


A 


04-07-89 


CA 


1314499 A 


16-03-93 










CN 


1037761 A,B 


06-12-89 










DE 


3875977 A 


17-12-92 










EP 


0394337 A 


31-10-90 










JP 


4503239 T 


11-06-92 










WO 


8905924 A 


29-06-89 










US 


4865160 A 


12-09-89 


US 


4576255 


A 


18-03-86 


FR 


2548303 A 


04-01-85 










AU 


568861 B 


14-01-88 










AU 


3003784 A 


03-01-85 










BR 


8403302 A 


18-06-85 










EP 


0130883 A 


09-01-85 










JP 


1843454 C 


12-05-94 










JP 


60034531 A 


22-02-85 



Fotrn PCT/lSA/210 ipaiem tamfly annex) (July 1992) 



INTERNATIONAL SEARCH REPORT 



C(Comlnuatton) DOCUMENTS CONSIDERED TO BE RELEVANT 



inte- "anal Application No 

PCT/GB 97/03386 



Category - Citation ot document, with indication. whare appropnate, of the relevant passages 



Relevant to aairn No. 



US 4 844 206 A (CASEY GARY L) 4 July 1989 
see the whole document 

US 4 576 255 A (MERY JEAN-CLAUDE ET AL) 

18 March 1986 

see abstract; figures 

see column 2, line 26 - column 3, line 46 



1,2,5,6 
1,2,5,6 



Form PCT/ISA/210 (continuation ol second sheet) (July 1992) 



